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comparison of robust polynomial fitting, global geopotential model and spectral 2 analysis for regional-residual gravity field separation in the Doñana National gradients (Núñez et al., 2008) due to its peculiar geological character-
and hydrogeological research. In this regard, gravimetric surveys are a 67 useful tool to study and model distributions of subsurface masses and 68 tectonic features (Torge, 1989) . A separation between residual and 69 regional gravimetric components is needed to differentiate between 70 anomalies from local, near surface masses (which are of interest in this 71 kind of studies) and those arising from larger and deeper structures 72 (Dobrin and Savit, 1988; Sharma, 1997 ).
73
Results from three different methods to separate residual and 74 regional gravimetric components are presented and compared. These the convergent boundary between the African and Eurasian plates).
84
Some disagreements can be found in different publications regarding (Clemente et al., 1997; Q4 Rodríguez Ramírez, 2008) . 
123
From a tectonic point of view, the studies carried out (Benkhelil, 1976; 124 Fernández et al., 1998; Rodríguez Vidal, 1989; Salvany and Custodio, 1995; 125 Viguier, 1977) describe the zone as an area divided into blocks limited by Main Gravimetric Network (Sevilla et al., 1990) in the observation 137 itineraries.
138
The data acquisition campaigns were carried out during the dry 139 season, in July 1998 , 2000 , 2002 , 2003 and October 2002 . The 140 gravimetric measures were corrected for tides, gravimeter height, 141 presence of underground water, and drift (Torge, 1989 between Huelva and Sevilla were used. Fig. 2 . Geology of the zone according to Montes et al., 1998;  Q1 Salvany et al., 2001 and Salvany et al. 2004 . UTM 29 N coordinates. GRS80 reference ellipsoid. Lucio is the local name for the lagoons inside the Park.
Digital model for elevations and depths

163
A digital elevation model is needed for Bouguer gravity anomalies 
Bouguer gravity anomalies
178
Bouguer gravity anomalies were calculated with the usual expres- 
180 181 182 C is the classical terrain correction, computed by rectangular prism 183 integration method, taking into account the resolution of the digital 184 elevation model (Forsberg and Tscherning, 1981) , B is the Bouguer 185 correction:
186 187 where K is the universal gravitational constant, ρ is the crustal density 191 192 where g expresses the observed gravity value and γ O is the normal 193 gravity value on the GRS80 reference ellipsoid computed using 194 Somigliana formula. for terrain correction is 0.089 mGal.
197 Table 1 presents a statistical summary of the Bouguer gravity 
205
A point is thought to be prone to gross-error if the following equation 206 applies, (Tscherning, 1991) :
where k is a constant normally adopted as equal to 3, σ int 2 is the error 
211
The most frequently method employed to interpolate data in many
212
of the geodesic and geophysical applications is the least squares 213 collocation method, (Moritz, 1980) . The following expression is used 214 in order to obtain the interpolated gravity anomaly at point P: be calculated by means of the following expression, (Moritz, 1980) :
where C PP is the variance of the gravity anomaly at point P.
225
In order to complete the above process, the covariance function 226 should be defined. In this study, empirical covariance was calculated 227 using the observed points ( Q7 Knudsen, 1985) . The following rule of 228 thumb was used to obtain the optimum correlation step to determine 229 empirical covariance (Tscherning and Forsberg, 1992) : selected function is (Camacho et al., 1997; Montesinos et al., 1999) :
240 241 where J 0 is the zero-order Bessel function, C 0 is the variance of the 242 empirical covariance distribution and b, and c are parameters 243 calculated by an iterative least square adjustment to provide the 244 best possible fit of function C(d) to the empirical covariance values, 245 and d is the distance.
246
As described in Camacho et al. (1994 Camacho et al. ( , 1997 The existence of the Earth's gravitational field is a consequence of 267 the superposition, within the crust, of masses with different densities.
268
In general, this mass superposition is difficult to distinguish or identify 269 individually. Terms such as "residual or local" and "regional" are often 270 used to differentiate anomalies due to local causes close to the Earth's 271 surface from deeper regional causes (Blakely, 1996; Dobrin and Savit, 272 1988; Sharma, 1997; Torge, 1989) .
273
There are basically three methods for separating regional field from 274 residual field:
275
• The adjustment of a polynomial to the gravitational field, assuming that 276 a polynomial surface adequately models the field's regional component.
277
The smoothness of the field is controlled by the polynomial degree, 
Low degree polynomial adjustment
293
Given the dimensions of the working area and taking into consider-294 ation the low gradient of the Bouguer anomalies (Fig. 8) , it seems logical to 295 use a low-degree polynomial for adjustment. The process is based on the 296 progressive introduction of coefficients, that is, first, second, third, fourth, 297 etc., degree polynomial adjustment should be done in that order. The 298 result obtained after the substraction of the part corresponding to the 299 polynomial adjustment to the original gravity data is the residual gravity 300 signal. Fig. 9a shows the residual gravity field after first degree polynomial 301 adjustment and elimination, and Fig. 9b, c, d after second, third and fourth 302 degree polynomial adjustment and elimination, respectively. As can be 303 seen, the adjustment to a fourth polynomial degree absorbs the major part 304 of the gravity signal, so no residual signal can be found. Obviously the 305 optimal polynomial to separate regional and residual gravity signal from 306 the original data is the previous to that one which eliminates the major 307 part of the total gravity signal, that is the third degree polynomial 308 adjustment. In order to obtain the coefficients for every polynomial (first, second, 312 third and fourth degrees), a least square prediction was carried out using 313 the robust polynomial fit described in Beltrao et al. (1991) . This 314 procedure is based on an iterative process that re-weights design matrix 315 equations so that the weight w of a gravity observation i for iteration k 316 will be: 
where t = 0.6745r i
, r max is the maximum absolute residue in Jason-1, ERS-1/2, Geosat, Envisat, GFO and ICESat altimetric satellites.
352
The standard deviation of gravity anomaly is better than 3 mGal in gravity field separation schema defined in this paper. and Eq. (6). The optimum grid spacing between nodes should be 368 carefully studied. It is of no value to create a much finer grid than the 369 one justified by the original data distribution and quality, so the grid 370 spacing of 2 × 2 km, as Eq. (7) indicates, has been used. The statistical 371 summary of the Bouguer anomalies can be seen in Table 2 .
372
The mean radial power spectrum of gravity data can be divided, in can be recognised, the separation of these two segments is situated at 383 the 15 km wavelength, but we cannot conclude that this is the 384 wavelength for regional-residual potential field separation because, 
first of all, the regional field has much larger wavelengths than what can 386 be recovered in the studied area, usually maximum recoverable 387 wavelength is about 25-40 km ( Carbó et al., 2005; Chávez et al., 2007; 388 Grupta and Ramani, 1980) , and secondly, it is well known that deep 389 seated sources cannot produce short wavelength fields, however large 390 shallow structures can produce long wavelengths, so the wavelengths 
Q10
410
The only certain point is that noisy cut off is located in the lower 411 part of the spectrum (12-15 km.), which is the same wavelength 412 obtained in other works (Carbó et al. 2003 and Chávez et al., 2007 for 413 example).
414
In conclusion, signal filtering can not be done here simply because 415 the recovered area is too small. deeper sources than the third-order polynomial adjustment. But both relative density values related to the basal sands can be observed.
450
Finally, these figures show that the above interpretations are not only 451 due to lateral density variations, but also to thickness variations.
452
In order to check the geometry and density of the geological 453 features, gravity profiles ( Fig. 16 and Fig. 17 for unconsolidated sediments (Buger, 1992) ) and 2.4 gr/cm 3 for basal 
